,000 x g for 10 min, and the resulting supernatant was collected. The extract was adjusted to pH 8.2 with the addition of 40 mM Tris(hydroxymethyl)aminomethane-5 mM phosphate-0.5 M NaCl in the presence of phenylmethylsulfonyl fluoride to retard proteolysis. The extract was applied to a bis-carboxymethylamino agarose column to which copper was previously chelated, and cationic proteins were subsequently purified to apparent homogeneity from the column effluent, as assessed by sodium dodecyl sulfate electrophoresis (6, 14) . A cationic protein, lysozyme, and lactofernin were eluted sequentially from the agarose column by employing a linear pH gradient (15), and the cationic protein was identified by its more rapid migration toward the cathode than that observed for lysozyme or lactoferrin on a polyacrylamide electrophoresis gel (15).
Cationic protein purified from rabbit peritoneal polymorphonuclear leukocytes (PMN) was demonstrated to incite autoaggregation of the rabbit PMN and promote adhesiveness of human PMN to endothelial cells. PMN aggregation induced by supernatants derived from secretory PMN was blocked by a specific anticationic protein antibody. These studies reveal that a positively charged protein derived from the PMN can alter surface properties of the PMN itself and imply a role for this protein in PMN immobilization at inflammatory sites.
More than 15 years ago Janoff and Zweifach (8) reported that rabbit polymorphonuclear leukocyte (PMN) cationic fractions enhanced adhesion of PMNs to endothelial surfaces of intact mesoappendix capillaries, and it was speculated that increased stickiness of the cells treated with protein fractions may involve an alteration of surface charge on the PMN itself. Recent investigations have demonstrated a temporal relationship between a decrease in cell surface charge and release of granule constituents during chemotactic stimulation (6) . Lysates of PMN primary granules, which contain cationic proteins, but not lysates of PMN specific granules, were demonstrated to decrease the cell surface charge on the PMNs (6) . An intriguing finding is that chemotactic factors can induce in vitro PMN autoaggregation (4, 11) . These results strongly implicate a role for chemotactic factors in altering the PMN surface to mediate both the enhanced PMN margination to endothelial surfaces and PMN aggregation in vivo (4, 11) . Aggregation may be involved in the pathological intravascular accumulations of PMN along blood vessel linings,'which in turn can lead to PMN sequestration. Since a decrease in the PMN surface charge and increased PMN adhesiveness appear to be closely linked to degranulation, we investigated the role of purified cationic protein, derived from primary granules and released by PMN during degranulation after a chemotactic stimulation, as a mediator of PMN adherence or aggregation. (12) . After the cell suspension was washed in saline, PMN were lysed in 0.34 M sucrose, and the total granule content of PMNs was isolated by differential centrifugation as described by Noseworthy et al. (10) . The granule pellets were extracted in ice-cold 0.2 M sodium acetate, pH 4.0. The suspension was centrifuged at 137,000 x g for 10 min, and the resulting supernatant was collected. The extract was adjusted to pH 8.2 with the addition of 40 mM Tris(hydroxymethyl)aminomethane-5 mM phosphate-0.5 M NaCl in the presence of phenylmethylsulfonyl fluoride to retard proteolysis. The extract was applied to a bis-carboxymethylamino agarose column to which copper was previously chelated, and cationic proteins were subsequently purified to apparent homogeneity from the column effluent, as assessed by sodium dodecyl sulfate electrophoresis (6, 14) . A cationic protein, lysozyme, and lactofernin were eluted sequentially from the agarose column by employing a linear pH gradient (15) , and the cationic protein was identified by its more rapid migration toward the cathode than that observed for lysozyme or lactoferrin on a polyacrylamide electrophoresis gel (15) .
MATERIALS AND METHODS
Antibody isolation. Antibody to the granule cationic protein-purified product was prepared by three weekly intradermal injections in a goat of 150 tg of protein antigen contained in 3 ml of Freund adjuvant. Another injection was administered after 4 weeks, and after 7 days the goat was bled. The antibody containing serum was heated to 560C for 30 min, and the anticationic protein immunoglobulin fraction was prepared from the heated serum by precipitation with 45% ammonium sulfate, followed by subsequent dialysis of precipitate against phosphate-buffered saline (pH 7.4), and purified on a DEAE Affi-Gel Blue column (Bio-Rad Laboratories). Ouchterlony double immunodiffusion and immunoelectrophoresis (13) produced single precipitation lines when total granule extract was allowed to diffuse toward the antibody.
PMN aggregation, adherence, and degranulation. PMNs (1 x 107/ml) were rendered secretory to obtain optimal release of primary granule contents by preincubation with cytochalasin B (5 ug/ml) and were induced to degranulate in response to 5.0 mg of C3-coated zymosan particles (3). After 40 min of incubation at 370C, the cells were pelleted by centrifugation at 800 x g for 10 min at 4°C, and the resulting supernatant was employed for aggregation studies (12) . Aggregometry was performed as described previously (12) . Quantitation of rabbit peritoneal PMN aggregation was made with a LaSico compensating polar planimeter by measuring the area under the curve. Primary human umbilical cord endothelial cultures were prepared, and PMN adherence to the primary monolayers was carried out for 30 min as previously described (2) . RESULTS To relate the act of degranulation to enhancement of PMN adhesiveness, the supernatant resulting from secretory PMN containing less than 6% of the total lactate dehydrogenase and 24 ± 1% of the total cell beta-glucuronidase was employed as an aggregant. A total of 200 pl of supernatant resulted in an immediate aggregation response of the rabbit PMN (Fig. 1) . Although the data are not shown, 100 and 50,ul of the supematant led to 37 and 25%, respectively, of the aggregation response engendered by 200 pl of the supernatant. On the other hand, supernatant collected at zero time failed to aggregate the cells. In addition, the aggregation response was markedly blunted by preincubation of the PMN with goat antirabbit cationic protein but not with normal goat immunoglobulin G. To verify that rabbit cationic protein could initiate PMN aggregation, a cationic protein was purified to homogeneity from rabbit peritoneal PMN granules. Rabbit peritoneal PMN cationic pro-INFECT. IMMUN. tein was obtained at the elution pH of 4.8 (Fig.  2) . Among the proteins of granules, those that migrate toward the cathode at rates higher than that of lysozyme have been referred to as cationic proteins (15) .
Specific goat antirabbit cationic protein reacted with cationic protein but not with rabbit PMN lactoferrin, rabbit alveolar lysozyme, or PMN lysozyme (Fig. 3) .
Purified rabbit cationic protein, in a dose-dependent fashion, at concentrations ranging from 12.5 to 50 fig promoted aggregation of rabbit PMN, whereas phosphate-buffered saline failed to initiate aggregation (Table 1) . Similarly, rabbit cationic protein enhanced human PMN adherence to human umbilical cord endothelial cells (Table 2 (5, 9). It is likely that the cationic proteins are a by lysates of the PMN primary granules (6) . Not major contributor to the enhanced adherent only does the cationic protein released from properties of PMNs and the responsible agent PMN affect its own cell surface, but it may also in reduction of cell surface charge engendered play a modulating role in the inflammatory re- sponse by affecting platelet aggregation in the presence of immune complexes (7) as well as by agglutinating bacteria (16). Whether cationic proteins play as major a role in PMN aggregation in other species, such as humans, remains to be determined. In humans, the specific granule constituents, lactoferrin (12a), and acidic proteins but not lysozyme, have been shown to contribute to enhanced PMN adhesiveness (1, 12a) and may also be involved in promoting PMN aggregation in rabbit PMN (12a). Thus, in this study it was not surprising that the anticationic antibody failed to eliminate aggregation initiated by the PMN supematant which contains both primary and specific granule constit- 
